In schistosomiasis mansoni, parasite eggs precipitate an intrahepatic granulomatous and fibrosing inflammatory process, which is mediated by, and dependent on, MHC class II-restricted CD4 T helper (Th) lymphocytes specific for schistosome egg antigens (SEA). In the mouse model of the disease, CBA mice develop large granulomas, whereas in C57BL͞6 (BL͞6) mice these granulomas are significantly smaller. To further investigate how the prevailing cytokine environment influences the development of the egg-induced immunopathology, we immunized the low-pathology BL͞6 mice with SEA in complete Freund's adjuvant (CFA) once before, and once again during, the course of a 7-week infection. This immunization caused a pronounced Th1 shift in the SEA-specific CD4 T cell response, which was detected in the mesenteric lymph nodes (MLNs) and spleens, as well as in the granulomatous lesions themselves. The immunized mice displayed a dramatic enhancement of hepatic egg-induced immunopathology manifested by a marked increase in granuloma size and parenchymal inflammation, leading to early death. Control mice immunized with equivalent amounts of SEA or CFA alone displayed the smaller hepatic lesions in a Th2-dominant environment typically seen in the unimmunized BL͞6 mice. Analysis of granuloma and MLN lymphocytes from the SEA͞CFA-immunized mice revealed that the proportion of CD4 T cells was unchanged in comparison with the control BL͞6 groups and remained significantly lower than that seen in the normally high-pathology CBA strain. These results suggest that the shift toward Th1-type cytokine production by a numerically stable population of CD4 T cells correlates with severe exacerbation of immunopathology in schistosomiasis.
In schistosomiasis mansoni, parasite eggs precipitate an intrahepatic granulomatous and fibrosing inflammatory process, which is mediated by, and dependent on, MHC class II-restricted CD4 T helper (Th) lymphocytes specific for schistosome egg antigens (SEA). In the mouse model of the disease, CBA mice develop large granulomas, whereas in C57BL͞6 (BL͞6) mice these granulomas are significantly smaller. To further investigate how the prevailing cytokine environment influences the development of the egg-induced immunopathology, we immunized the low-pathology BL͞6 mice with SEA in complete Freund's adjuvant (CFA) once before, and once again during, the course of a 7-week infection. This immunization caused a pronounced Th1 shift in the SEA-specific CD4 T cell response, which was detected in the mesenteric lymph nodes (MLNs) and spleens, as well as in the granulomatous lesions themselves. The immunized mice displayed a dramatic enhancement of hepatic egg-induced immunopathology manifested by a marked increase in granuloma size and parenchymal inflammation, leading to early death. Control mice immunized with equivalent amounts of SEA or CFA alone displayed the smaller hepatic lesions in a Th2-dominant environment typically seen in the unimmunized BL͞6 mice. Analysis of granuloma and MLN lymphocytes from the SEA͞CFA-immunized mice revealed that the proportion of CD4 T cells was unchanged in comparison with the control BL͞6 groups and remained significantly lower than that seen in the normally high-pathology CBA strain. These results suggest that the shift toward Th1-type cytokine production by a numerically stable population of CD4 T cells correlates with severe exacerbation of immunopathology in schistosomiasis. O viposition within mesenteric veins followed by embolization into the hepatic microvasculature precipitates circumoval granulomatous inflammation, the main pathological event associated with infection with the helminth parasite Schistosoma mansoni. However, the consequences of this event in terms of magnitude of ensuing disease varies considerably both in humans as well as in an experimental murine model of infection. In humans, severe ''hepatosplenic'' schistosomiasis is characterized by liver fibrosis, portal hypertension, and gastrointestinal hemorrhage often resulting in death. In contrast, on the opposite end of the spectrum, ''intestinal'' schistosomiasis is the milder, chronic, and often symptomless form of the disease (1) . In the mouse model, the CBA and C3H strains develop significantly larger granulomas than the C57BL͞6 strain (2, 3) .
There is now general agreement that the development of granulomas depends on MHC class II-restricted, egg antigen-specific CD4 T helper (Th) lymphocytes, as these lesions fail to materialize in athymic mice (4) or mice lacking ␣␤-expressing T cells, MHC class II molecules, or recombination-activating gene 1 (Rag-1) (5, 6). However, the regulatory factors that control the severity of disease in each individual patient or mouse strain, now largely attributed to genetically determined host factors (7, 8) , still remain poorly understood.
One particular issue that has been difficult to settle is the role of the Th1 vs. Th2 subsets of CD4 T cells in egg granuloma formation. Our laboratory's early findings demonstrating that cloned specific Th1-type lymphocytes are capable of mediating granuloma formation (9) seemed consistent with the assumption that the development of these lesions depends on the proinflammatory CD4 Th1-type cells producing IFN-␥ and IL-2. However, the detection of anti-inflammatory IL-4 and IL-5 (Th2-type) cytokine production in response to schistosomal egg antigens (SEA) during peak granuloma formation after 8 weeks of infection, suggested, instead, a critical pathogenic role for the Th2 cells (10) . This concept was later extended with the proposition that Th1 cells inhibit pathology, and, consequently, that the stimulation of the Th1 phenotype may serve to improve and prevent clinical disease (11, 12) . The use of gene knockout mouse models failed to solve this discrepancy as there were reports variously maintaining that Th2 cells are (13), or are not (14) , required for granuloma formation, and that both IFN-␥ and IL-4 positively or negatively influence, or are essentially irrelevant for, the development of these lesions (15) (16) (17) (18) (19) .
A link between increased egg-induced immunopathology and a Th1-dominated environment became apparent after the kinetic analysis of cytokine production by SEA-stimulated mesenteric lymph node (MLN) cells. These studies showed that in the lowpathology BL͞6 (H-2 b ) mice an initial brief Th1-type response is promptly replaced by a sustained Th2-type response (20) , whereas in the high-pathology C3H (H-2 k ) mice the Th1 response (IFN-␥ and IL-2) persists alongside the Th2 response (IL-4 and IL-10) (21) . To further explore these observations, we have now immunized schistosome-infected, low-pathology, and Th2-biased BL͞6 mice with SEA in complete Freund's adjuvant (CFA). This treatment precipitated a striking reversal in cytokine production toward a Th1-dominant profile, which was detected in the MLNs, spleens, and granulomatous lesions themselves. Most importantly, these mice displayed a dramatic increase in their hepatic egg-induced immunopathology, which surpassed the one displayed spontaneously by the high-pathology strain CBA (H-2 k ).
by the Biomedical Research Institute (Rockville, MD), through National Institutes of Health͞National Institute of Allergy and Infectious Diseases Contract N01-AI-55270. Five days before infection, some BL͞6 mice were immunized by s.c. injection at four different sites (back and base of tail) with 50 g of SEA, either emulsified in CFA, or solubilized in PBS. SEA were purchased from the Biomedical Research Institute and prepared as described (22) . Additional mice were similarly immunized with an emulsion of PBS in CFA. Four weeks after infection, the variously immunized mice received a second immunization at contralateral sites, identical to the one they had received before.
Cell Preparations. Livers, MLN, and spleens were removed aseptically from 7-week infected mice. Granulomas from 6-10 pooled livers per group were isolated by homogenization in a Waring blender followed by 1 g sedimentation and extensive washing. Cells in granulomas were freed after enzymatic digestion with 1 mg/ml of collagenase type H, from Clostridium histolyticum (Sigma). Singlecell suspensions from pooled MLNs and spleens were prepared by teasing the tissues in complete RPMI medium (9) . Erythrocytes were lysed with Tris ammonium chloride buffer (pH 7.2; Sigma) for 15 min on ice. Cells that excluded trypan blue were resuspended at desired concentrations. CD4 T cells were purified from MLNs by negative selection as described (21) . The resulting cell preparations were Ͼ94% CD4 ϩ T cells as determined by flow cytometry.
Cell Culture Supernatants and Cytokine Determinations. Bulk cell suspensions (5 ϫ 10 6 cells per ml) from pooled hepatic granulomas, MLNs, and spleens, or purified CD4 T cells from MLNs (1 ϫ 10 6 cells per ml) plus normal irradiated syngeneic splenic antigenpresenting cells (4 ϫ 10 6 cells per ml), were incubated in the presence or absence of 20 g/ml of SEA for 24, 36, and 48 h. At these times, the culture supernatants were removed, filtered, and stored at Ϫ36°C until analysis. The cytokines IFN-␥, IL-2, tumor necrosis factor (TNF)␣, IL-12 (p40), IL-4, IL-5, and IL-10, which were present in the supernatants, were measured by ELISA using antibodies, standard cytokines, and protocols obtained from PharMingen; IL-13 was determined with antibodies, standard cytokine, and protocol obtained from R&D Systems.
Flow Cytometric Analysis. Granuloma, MLNs, and spleen cells at a concentration of 2 ϫ 10 6 cells per ml were cultured with or without 20 g/ml of SEA. After 36 h of culture, the cells were harvested and washed twice in fluorescence-activated cell sorting (FACS) buffer [PBS containing 0.1% BSA (Sigma) and 0.01% NaN 3 ] and incubated at 4°C for 15 min. in FACS blocking buffer (FACS buffer containing 0.3 mg/ml rat IgG; Sigma) for the purpose of inhibiting nonspecific antibody binding. Aliquots of 10 6 cells were then incubated for 30 min at 4°C with phycoerythrin and cyanine 5 (Cy-Chrome) tandem-conjugated anti-CD3 (clone 145-2C11) and phycoerythrin (PE)-conjugated anti-CD4 (clone GK1.5), or CyChrome-conjugated anti-CD3 and PE-conjugated anti-CD8 (clone 53-6.7) monoclonal antibodies (PharMingen), optimally diluted in FACS blocking buffer. Labeled cells were washed twice with FACS buffer, fixed in 1% paraformaldehyde, and acquired on a FACScalibur flow cytometer using CELLQUEST software version 3.2.1 (Becton Dickinson). Unstained cells and cells stained with irrelevant isotype-matched antibodies were included as controls to assess the amount of nonspecific staining. Data were analyzed by using WINLIST 3D 4.0 software. Lymphocyte-rich areas, comprising 8-15% of the granuloma cells and 80-95% of the MLN and spleen cells, were defined and gated based on forward light scatter and side light scatter characteristics of the cells (''lymphocyte gate'').
Histopathology and Morphometric Analysis. Liver, lung, and intestine samples were fixed in 10% buffered formalin and processed for routine histopathologic analysis. Sections (5 m) stained with hematoxylin and eosin were examined for qualitative and quantitative changes. The extent of hepatic granulomatous inflammation around schistosome eggs was measured by computer-assisted morphometric analysis using ImagePro Plus (Media Cybernetics, Silver Spring, MD) software. The lesions were assessed on coded slides by an observer unaware of the experimental setting. To reflect more accurately the true shape and dimension of the granulomas, only those with a visible central egg were counted. A minimum of 11 granulomas per liver section, meeting these criteria, was studied.
Statistical Analysis. Student's t test and the 2 test were used to determine the statistical significance of the differences between experimental and control groups. Results differing with a P Ͻ 0.05 were considered significant. Each individual experiment was conducted with mouse groups composed of 6-10 mice.
Results

Immunization with SEA͞CFA Causes Severe Exacerbation of Egg-
Induced Hepatic Immunopathology and Increased Mortality. Groups of BL͞6 mice were immunized with SEA͞CFA, SEA, and CFA with the intent of studying the effect of these immunizations on the immune response and immunopathology elicited during infection with S. mansoni. Unexpectedly, in every experiment, some of the mice died early during the course of their sixth week of infection ( Table 1) . Most of the dead mice belonged to the SEA͞CFA-immunized group. Their livers revealed severe granulomatous and interstitial inflammation, often with parenchymal necrosis. There was marked intestinal dilatation with mucosal hemorrhage and necrosis. The lungs had dense pulmonary inflammatory cell infiltrates and a high presence of schistosome eggs, a likely consequence of portal-systemic shunts.
The livers in the remaining SEA͞CFA-immunized BL͞6 mice completing a 7-week schistosome infection disclosed a striking increase in granuloma size in comparison with the controlimmunized and unimmunized BL͞6 mice. As shown in Figs. 1 and 2, granulomas in the SEA͞CFA-immunized group were often double in size of those in the control groups, even exceeding the normally larger granulomas characteristic of the high-pathology *Dead mice͞infected mice in four pooled experiments. † Significantly different from controls (P Ͻ 0.01).
Fig. 1.
Size of hepatic egg granulomas. Granulomas on stained liver sections were measured by computer-assisted morphometric analysis. Results represent means of granuloma areas Ϯ SEM from three independent experiments. Granulomas from SEA͞CFA-immunized BL͞6 mice were significantly larger than granulomas from control-immunized or unimmunized BL͞6 mice (P Ͻ 0.01). ND, not done.
CBA strain. By comparison, the granulomas in the SEA-or CFA-immunized mice did not differ significantly from the unimmunized BL͞6 controls. The granulomas from the SEA͞CFA-immunized mice were composed of a mixed inflammatory cell population that typically included eosinophils, neutrophils, macrophages (some with parasite-derived heme pigment), and lymphocytes, with an expanded, poorly collagenized extracellular matrix that surrounded the increased cell infiltrates but did not appear to be qualitatively different from controls. Of additional significance were the numerous small, mixed inflammatory cell foci (Fig. 2 ) dispersed throughout the hepatic parenchyma. These interstitial infiltrates were significantly less conspicuous or nonexisting in all control groups.
Immunization with SEA͞CFA Induces a High Th1-Type, Low Th2-Type Cytokine Environment in Hepatic Egg Granulomas, MLNs, and Spleens.
Schistosome egg granuloma formation is mediated by CD4 T cells, but the type of cytokines produced by these cells after antigenic stimulation can vary considerably during the course of the infection and also in accordance with individual mouse strains. An undisturbed 7-week schistosome infection in the BL͞6 mouse is characterized by a Th2-dominant environment (20) . To ascertain the prevailing cytokine environment conducive to the observed pronounced increase in immunopathology after immunization with SEA͞CFA, we studied the Th1-type cytokines IFN-␥, IL-2, TNF-␣, and IL-12, and the Th2-type cytokines IL-4, IL-5, IL-10, and IL-13, produced by lymphoid cells from granulomas, MLNs, and spleens. The cytokines produced by SEA-stimulated granuloma cells from infected, SEA͞CFA-immunized mice showed a striking polarization toward the Th1 type. Thus, IFN-␥, IL-2, TNF-␣, and IL-12 levels were markedly elevated in comparison with those observed in all of the BL͞6 control groups, with IFN-␥ reaching the high levels usually seen in the high-pathology CBA strain, in which a Th1 response normally persists alongside a Th2 response (21) (Fig. 3) . On the other hand, the Th2-type cytokines IL-4, IL-5, and IL-10 produced by the SEA͞CFA-immunized mice were significantly lower than in the control BL͞6 and CBA mice. Interestingly, in the case of IL-12, there also was a considerable production of cytokine in unstimulated cultures from the SEA͞CFA-immunized BL͞6 mice (0.050 Ϯ 0.003 ng/ml) that was significantly higher than that produced by the unimmunized BL͞6 controls (0.031 Ϯ 0.003 ng/ml; P Ͻ 0.01).
Analysis of cytokine production by SEA-stimulated, unfractionated MLN cells also disclosed a strong Th1 presence in the SEA͞CFA-immunized group that was similar to that seen in CBA mice; in contrast, the same cells produced less IL-4, IL-5, IL-10, and IL-13 (Fig. 4) . Cytokine production by cells from mice immunized with SEA and CFA alone was not significantly different from the unimmunized BL͞6 controls. IL-12 was higher in SEA͞CFA-immunized mice than in BL͞6 control groups, but these responses were independent of SEA stimulation (data not shown). There also was a sharp increase in IFN-␥ production by purified SEAstimulated CD4 T cells from the SEA͞CFA-immunized mice, whereas their production of IL-5 was significantly decreased with respect to the controls (Fig. 5) . These findings suggest that the altered cytokine production in the SEA͞CFA-immunized mice is of CD4 T cell origin.
Lastly, the same striking change in cytokine production in the SEA͞CFA-immunized BL͞6 mice was also found in the spleen, where there was a sharp increase in IFN-␥ and IL-2, together with a marked decrease in IL-5 and IL-10, in comparison with the BL͞6 controls (Fig. 6 ). In the CBA controls, all cytokines were typically elevated.
In SEA͞CFA-Immunized Mice, the Proportion of CD4 T Cells Among the Granuloma Lymphocytes Is Unchanged, Whereas the CD8 T Cells
Decrease with Respect to Controls. Because the cytokines produced in response to stimulation with SEA are largely of T cell origin, we more closely examined the main T cell subpopulations for possible quantitative or qualitative changes that may correlate with the pronounced differences in pathology and cytokine secretion. These CD3-expressing T cells comprise the CD4 T cells most directly associated with mediating the egg-induced immunopathology in schistosomiasis (6, 23) , and the CD8 T cells, which have frequently been proposed as regulatory cells (24) (25) (26) . Analysis of SEAstimulated lymphocyte populations within the granulomas, surprisingly, revealed no significant difference in the proportion of CD4 T cells between the SEA͞CFA-immunized mice and the controlimmunized or unimmunized BL͞6 mice (Table 2) . Unimmunized control CBA mice, however, displayed significantly more CD4 T cells. In contrast, the proportion of granuloma CD8 T cells was significantly lower in the SEA͞CFA-immunized BL͞6 mice than in the CFA-immunized or the unimmunized controls; CD8 T cells were also significantly lower in the CBA mice.
Regarding MLNs, there was no significant difference in CD4 T cells from experimental and control BL͞6 groups, whereas these cells were again significantly higher in the CBA mice (Table 2) . Moreover, CD8 T cells were lower in CBA than in all tested BL͞6 mice, but the difference was not statistically significant. Lastly, there were no differences in CD4 or CD8 T cells among the splenic lymphocytes in any of the mouse groups (Table 2) . Interestingly, the addition of SEA to the cell cultures was irrelevant, as the proportion of CD4 and CD8 T cells in unstimulated populations was not significantly different from those shown in Table 2 (data not shown).
Discussion
The work presented in this paper shows that immunization of schistosome-infected low-pathology mice of the BL͞6 strain with SEA͞CFA is conducive to a sharp Th2 to Th1 shift of the cytokine environment, which clearly correlates with a marked exacerbation of the immunopathology in these mice. A significant proportion of the SEA͞CFA-immunized mice reproducibly died before completion of 7 weeks of infection. All SEA͞CFA-immunized mice displayed an increased hepatic pathology, both in terms of perioval granuloma formation as well as in interstitial hepatocellular in- Fig. 3 . Cytokine production by unfractionated granuloma cells. Pooled granuloma cells from each group were incubated in the presence of 20 g/ml of SEA. Cytokines in 36-h culture supernatants were measured by ELISA, and levels were expressed as means of triplicate determinations Ϯ SD. IFN-␥, IL-2, TNF-␣, and IL-12 levels are significantly higher, whereas IL-4, IL-5, and IL-10 levels were significantly lower, in SEA͞CFA-immunized mice than in all BL͞6 controls (both P Ͻ 0.01). In all figures, background levels from unstimulated cultures were subtracted and results were representative of three independent experiments. ND, not done. Pooled MLN cells from each group were incubated in the presence of 20 g/ml of SEA. IL-2 in culture supernatants was measured at 24 h; the other cytokines were measured at 48 h. Data are expressed as in Fig. 3 . IFN-␥ and IL-2 levels were significantly higher (P Ͻ 0.01), whereas IL-4, IL-5, IL-10, and IL-13 levels were significantly lower (P Ͻ 0.05) in SEA͞CFA-immunized mice than in all BL͞6 controls.
flammation. There was a most dramatic increase in measured granuloma areas, which, if extrapolated to theoretical spheres, amounts to a triplication in average granuloma volume. There also was a striking intralobular mono-and polynuclear inflammatory cell infiltration independent of the granulomas. This marked increase in pathology was not seen in any of the control-immunized or unimmunized BL͞6 mice and frequently surpassed the normally elevated pathology characteristically seen in schistosome-infected CBA mice. Of note is that the exacerbated disease in the SEA͞CFA-immunized BL͞6 mice developed over a relatively short time, considering that after 7 weeks, an unperturbed murine schistosome infection has not yet reached its maximal intensity.
The enhanced immunopathology observed in the SEA͞CFA-immunized BL͞6 mice clearly correlated with a generalized Th1-biased cytokine production. The Th1-type cytokines were produced by SEA-stimulated cells from granulomas, MLNs, and spleens and sharply contrasted with the Th2-type cytokines elicited in the SEAor CFA-immunized controls. A similarly contrasting cytokine pattern between experimental and control mouse groups was obtained with purified, SEA-stimulated CD4 T cells, suggesting that these antigen-sensitive cells are responsible for the cytokine secretion.
There were no significant differences in the proportion of CD4 T cells present in the granuloma, MLN and splenic lymphocyte populations from the SEA͞CFA-immunized and control BL͞6 mice. This finding suggests that the marked difference in the magnitude of the immunopathology is associated with a reversal in cytokine secretion by a numerically unchanged population of SEA-specific CD4 T cells. A lack of difference between lymphoproliferative responses to SEA of the experimental and control BL͞6 groups supports this contention (data not shown). However, there was a significant reduction in the proportion of CD8 T cells in the granulomas of SEA͞CFA-immunized mice, which could not be attributed to a disproportionate increase in CD4 T cells. It is uncertain whether the reduction of these CD8 T cells influenced CD4 T cell cytokine secretion or granuloma formation in this experimental setting, but the observation is consistent with a regulatory function ascribed to CD8 T cells (24) (25) (26) . Moreover, preliminary data suggest that natural killer and natural killer T cells are similarly reduced in the granuloma and spleen cell populations from SEA͞CFA-immunized mice (data not shown).
The markedly enhanced immunopathology as a consequence of SEA͞CFA immunization in BL͞6 mice revealed some interesting differences with the naturally pronounced pathology characteristic of the CBA strain. In the SEA͞CFA-immunized BL͞6 mice, Th1 cytokines variously replaced the normally dominant Th2 phenotype at 7 weeks of infection, whereas CBA (and other H-2 k ) mice typically display and maintain a much higher mixed cytokine production of both the Th1 and Th2 types (21) . Moreover, the exacerbated pathology in the SEA͞CFA-immunized BL͞6 mice is not associated with a change in the proportion of CD4 T cells, whereas in CBA mice these cells represent almost twice the amount in the granuloma lymphocyte population.
The CBA mice and the SEA͞CFA-immunized BL͞6 mice thus exemplify two instances of severe immunopathology in experimental schistosomiasis. The first one seems to be based on a genetically determined elevated number of activated CD4 T cells, whereas the second one is a product of immunization with specific antigen in combination with a strong adjuvant, but not of either one of these alone, leading to a reversal in cytokine production by CD4 T cells. T cell populations are most capable of shifts in cytokine polarization, although the factors that drive a given type of cytokine expression͞secretion by CD4 T cells are not precisely understood and are likely to be multifold (27) (28) (29) . The polarized T cell populations are also likely to induce and interact with antigenpresenting cells exhibiting distinct forms of activation and properties (30, 31) . Regardless, both of these high-pathology models share in common the striking, more or less dominant, Th1 component.
Taken together, our findings indicate that a Th1-dominant environment is compatible with, if not directly linked to, the development of severe disease and death. This notion disagrees with a previous study in which a regimen involving i.p. injection of schistosome eggs and IL-12 similarly lead to an increase in Th1 cytokines, but had a beneficial effect on the egg-induced pathology (12) . Intriguingly, in these mice, a substantial amelioration of hepatic pathology was also achieved with the injection of eggs alone (even though eggs tend to promote Th2 responses; refs. 10 and 32), and the role of IL-12, per se, was not appraised. There is no obvious explanation for this discrepancy in pathology, inasmuch as the same Fig. 3 . IFN-␥ levels were significantly higher and IL-5 levels were significantly lower in SEA͞CFA-immunized mice than in the controls (both P Ͻ 0.01). Fig. 6 . Cytokine production by unfractionated spleen cells. Pooled spleen cells from each group were incubated in the presence of 20 g/ml of SEA. IL-2 in culture supernatants was measured at 24 h; the other cytokines were measured at 48 h. Data are expressed as in Fig. 3 . IFN-␥ and IL-2 levels were significantly higher, and IL-5 and IL-10 levels were significantly lower in SEA͞CFA-immunized mice than in all BL͞6 controls (both P Ͻ 0.01).
strain of mice (BL͞6) was used. Moreover, our infected animals immunized with SEA͞CFA were similarly exposed to copious parasite egg production in context with a significant increase in (endogenous) IL-12. Interestingly, results from another study consonant with our findings indicate that the development of an IL-12-dependent Th1 response was directly linked with severe liver disease and death in BL͞6 mice coinfected with S. mansoni and Toxoplasma gondii; this study also raised the possibility of a role for IL-12 in tissue damage during schistosomiasis (33) .
Although inconsistent with the notion that Th1 cells inhibit pathology in schistosomiasis, our findings do not negate the possible development of egg granulomas in a Th2-dominant environment. In fact, Th1-and Th2-dominant backgrounds appear to be associated with particular forms of egg-induced immunopathology. In a Th1-dominant milieu, less well circumscribed egg granulomas are usually accompanied by pronounced changes in the surrounding hepatic parenchyma characterized by inflammation infiltrating the lobules with possible hepatocellular damage and necrosis; this condition can result in early death (34, 35) . In contrast, a Th2 milieu is conducive to tighter, more fibrotic granulomas (36, 37) with little surrounding hepatocellular injury, and a more prolonged survival. This concept is in agreement with recent studies in human schistosomiasis, in which a Th1-polarized environment has been found in the severe hepatosplenic form (38) , whereas anti-inflammatory Th2 cytokines are dominant in the milder intestinal form of the disease (39, 40) . Among these Th2 cytokines, IL-10 has been shown to regulate SEA-specific T cell function in vitro and to downmodulate schistosome pathology in vivo in the murine model (41) (42) (43) ; it also has been strongly linked to reduced granuloma formation (44) and the development of mild intestinal schistosomiasis in humans (39, 45, 46) .
In conclusion, this paper describes a form of specific immunization of schistosome-infected low-pathology mice conducive to marked exacerbation of disease and death, in context with a clear-cut Th1 shift in cytokine environment. These findings imply that strategies to promote a Th2 phenotype could result in overall amelioration of the immunopathology associated with severe schistosomiasis. 
